
PATENT 

Docket No. 1377-0137P 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANTS: 
APPLN. NO.: 
FILED: 
FOR: 



John Kevin Collins et al. 
09/367,105 
November 10, 1999 



GROUP: 1651 
EXAMINER: I.Marx 



PROBIOTIC STRAINS FROM 
LACTOBACILLUS SALIVARIUS AND 
ANTIMICROBIAL AGENTS OBTAINED 
THEREFROM 



DECLARATION UNDER 37 C.F.R. § 1.32 

Assistant Commissioner of Patents 
Washington, DC 2023 1 

Sir: 

I, Liam O'Mahony, Ph.D., am presently employed at the 
Virology/Immunology Unit, Department of Microbiology, University 
College Cork - National University of Ireland, Cork, College Road, 
Cork, Ireland. My Curriculum Vitae is attached hereto. I do solemnly 
and sincerely declare as follows: 



1. 



I am authorized to make this Declaration on behalf of the 
Applicants. 



2. I have read the specification of the above U.S. Application and I 
have been provided with a copy of the Office Action dated June 
19, 2001 and the cited references relied on by the Examiner. I 
am also fUlly familiar with the invention the subject of the 
Application. I have noted the views expressed by the Examiner 
on each of the cited references. When assessing the invention 
the subject of the present Application in the light of the prior art 
relied on it is important to be aware that there can be significant 
differences in biological properties between strains. 

3 . The advantages of using the particular strains of the present 
invention include: 

1) species-specificity; 

2) the strains are selected/adapted to the human 
environment; one would not expect adaptation in any 
other environment; and 

3) they are host specific. 

4. It is submitted that strains having those advantages are neither 
disclosed or suggested in any of the documents cited by the 
Examiner. 



Another important aspect of the invention is the source of the 
Lactobacilli. These Lactobacilli are adherent to human 
gastrointestinal tissue from subjects with healthy gastrointestinal 
tracts and no associated pathology. Isolation of Lactobacilli 
from faeces is entirely different. The fecal flora represents the 
luminal contents of the distal large bowel whereas the mucosa 
adhering microflora represents a highly specialised 
microenvironment. Adherent strains must be able to survive a 
more aerobic environment than that present in the lumen. In 
addition, adherent strains must survive and thrive in an 
immunologically hostile environment. The inventors aimed to 
and succeeded in isolating Lactobacilli with immunomodulatory 
properties which has not previously been reported in the prior 
art. No strains have previously been isolated in this manner 
followed by in vitro and in vivo characterisation. 

None of the cited documents discloses or suggests a strain of L. 
salivarius having the properties set forth in claim I. In particular 
none of those documents discloses or suggests a strain of L. 
salivarius isolated from resected and washed human 
gastrointestinal tract and which is thus adherent to human 
gastrointestinal tract. 

As emphasised above the strains of Lactobacillus salivarius 
claimed in claim 1 are isolated from "resected and washed 
human gastrointestinal tract". The strains are intended for use as 
probiotic agents in humans. Thus, the strains must meet certain 



criteria if they are to be capable of being used as probiotics; 
more particularly they must meet the criteria laid down by the 
Lactic Acid Bacteria Industrial Platform (LABIP; Guamer and 
Schaafsma, "Probiotics" Int. J. Food Microbiol 1998; 39:237- 
238; see Aimex I) and others for the selection of probiotic 
microorganisms intended for use in humans. Reference is also 
made to Tannock (1997; TIBTECH 15: 270-274 "Probiotic 
properties of lactic acid bacteria: plenty of scope for 
fundamental R & D"), particularly at page 272 second column 
(see Armex II). 

Arihara deals with a strain of L. salivarius which has been 
identified biochemically (using its fermentation profile) as a 
strain of Lactobacillus salivarius subsp. salicinius. 
Lactobacillus salivarius subsp. salicinius strain T140 was 
isolated jfrom the "surface of Japanese pampas grass" which may 
have been contaminated by feces excreted by a domesticated 
animal. The Examiner states that these strains were isolated 
from the human gastro-intestinal tract. However, this is 
incorrect as no attempt was made to isolate lactic acid bacteria 
from washed and resected gastrointestinal tissue. 

In contrast, the strains of L salivarius claimed in the present 
Application were deliberately isolated from the human GI tract 
(i.e. the environment in which they will be required to function) 
in order to ensure compliance with the recommended criteria 
laid down by the aforementioned LABIP. This is not the case 



with the strain of Lactobacillus salivarius subsp. salicinius 
disclosed in Arihara at., nor is there any suggestion therein of 
such isolation. 

Arihara et at describe 353 bacterial strains isolated from food, 
plants, saliva or animal feces. The Examiner takes the view that 
the cited reference discloses di Lactobacillus salivarius which 
appears to be identical to the presently claimed strain and refers 
for example to Table 1 on page 421 . This is not the case for the 
reasons stated above. Furthermore, a number of the reported 
strain characteristics are different to those described by Collins 
et al. The assumptions made by the Examiner that the 
microorganisms disclosed in Arihara may be correct in that 
these bacterial strains may survive passage through the human 
gastrointestinal tract. However, it is incorrect to assume that 
these bacterial strains could exert any influence on the 
gastrointestinal microflora, or that these bacterial strains could 
interact with the human host resulting in certain health benefits. 
The fecal flora represents the luminal contents of the distal large 
bowel whereas the mucosa adhering microflora represent a 
highly specialised microenvironment. Adherent strains must be 
able to survive a more aerobic environment than that present in 
the lumen. In addition, adherent strains must survive and thrive 
in an immunologically hostile environment. These adherent 
bacteria must interact with the host immune system in order to 
survive and therefore will be immunomodulatory in nature. 



1 1 . The primary aim of the isolation process described in the present 
Application invention was to isolate bacteria which come into 
direct contact with human epithelial cells, with potent anti- 
microbial activity but which do not elicit a pro-inflammatory 
immunological response. Bacteria present within luminal 
contents do not necessarily interact with the gastrointestinal 
mucosa. 

12. The inventors took the view that truly probiotic bacteria should 
be isolated only when adherence to the gastrointestinal tract can 
be demonstrated. However, Arihara et al. refers to probiotic 
bacteria isolated from other environments. In addition, Arihara 
et al. do not refer to the relevant factors affecting bacterial 
survival in the human gastrointestinal tract, such as the mucosal 
immune system. The state of the art prior to the invention did 
not include the concept that complex intimate molecular 
interactions between the host and bacterium would be required 
to induce probiotic health benefits. 

1 3 . The Examiner states that Arihara et al. also disclose a product 
having broad spectrum antimicrobial activity. The bacteriocin 
produced by the strain disclosed in Arihara et al. inhibits the 
growth of other closely related lactobaciili (Table 2, page 422) 
whereas strains described in the present Application importantly 
do not. 



14 The strains of L, salivarius claimed in the present Application 
have the ability to selectively kill pathogenic bacteria without 
killing off many closely related lactobacilli which have health- 
promoting properties and with which they exist in symbiotic 
relationship. Lactobacillus salivarius subsp. salicinius T140 
differs from the presently claimed strains in not meeting the 
recommended criteria for the selection of probiotic strains 
proposed inter alia by LABIP. 

15. This is an important trait as one would require a probiotic 

bacterium to antagonise the growth of pathogenic species but 
not affect the composition of the commensal flora. The isolation 
of Lactobacillus salivarius species from resected and washed 
human tissue resulted in the identification of strains with this 
trait. Environment pressures resulting in the selection of strains 
most suited to survive and thrive in that environment are 
obviously completely different between grass and the human 
gastrointestinal tract. Furthermore, salivacin 140, produced by 
the Arihara et aL strain, requires a high initial pH for production 
while the antimicrobial factors produced by the strains described 
in the present Application do not require such a high initial pH. 
These strain dependent differences demonstrate that the strains 
described in the present Application are novel and have not been 
previously described. In fact, Arihara et al state "Thus 
salivacin 140 production is a strain-specific phenomena like 
most cases of the bacteriocin synthesis by lactic acid bacteria." 
(sic). 



16. Ten Brink etal disclose approximately 1000 lactobacillus 
strains isolated from fermented foods and feeds, human dental 
plaque and feces from laboratory animals and humans. The 
rationale underlying the isolation and screening programme 
described by ten Brink et aL is directed to the identification of 
lactic acid bacteria with anti-microbial properties suitable for 
use in food preservation. Thus, it was not suggested or 
anticipated by these authors that these isolates could be active 
within the human gastrointestinal tract by influencing pathogen 
adhesion or invasion. The strains of L. salivarius claimed in the 
present Application have been identified by means of 
biochemical and SDS-P AGE analysis as strains of 
Lactobacillus salivarius subsp. Salivarius. Thus, the respective 
strains are different. In fact, it is highly unlikely that these 
isolates would provide any health benefits to humans. 

17. Two Lactobacillus strains are described in further detail in the 
ten Brink et aL reference. A Lactobacillus salivarius strain and 
a Lactobacillus acidophilus strain were reported to produce anti- 
microbial compounds designated salivaricin B and acidociri B, 
respectively. The Lactobacillus acidophilus strain is not 
considered further as it is a different species to those described 
by the present Application. Lactobacillus salivarius M7 
produced salivaricin B which was active primarily against 
related lactobacilli. This is in contrast to the results described in 
the Application. In addition, salivaricin B is not heat stabile 



while ABPl 18 is heat stable. Unlike the antimicrobial agent 
ABP 1 1 8 of the present Application, acidocin B produced by 
Lactobacillus acidophilus M46 of ten Brink et aL fails to retain 
any activity following the heat treatment at 121 °C. Under such 
conditions the antimicrobial agent ABP 118 retains at least 50% 
of its activity (see Table 9 of the specification of the present 
Application). The strains of L salivarius claimed in respect of 
the present Application are identified inter alia by the fact that 
the secretory products produced thereby are maintained in the 
presence of physiological concentrations of human bile and 
human gastric juice. Thus, the strains are resistant to both bile 
and gastric acid, one of the recommended criteria of LABIP. 
Each of strains Lactobacillus acidophilus M46 and 
Lactobacillus salivarius Ml described in ten Brink was isolated 
from human dental plaque, not resected and washed human 
tissue, or grass near a bam as stated by the Examiner. The 
Examiner also states that these strains are likely to live within 
the human gastrointestinal tract. However, no studies were 
performed to assess the acid and bile tolerances of these strains. 
In fact, survival within the environment of dental plaque would 
suggest that these strains would not survive lower 
gastrointestinal tract transit. In addition, the bacteria associated 
with human dental plaque induce inflammatory responses. 
Adherent strains from resected and washed tissue would not be 
expected to induce inflammatory responses. Thus, the strains 
claimed in the present Application, and their anti-microbial 
factors, have not been previously described. 



Suhr-Jessen et al. describe the isolation of lactic acid bacteria 
from the pig gastrointestinal tract. The Examiner draws 
particular attention to examples 4 and 5 which describe the acid 
and bile tolerances of the strains isolated from the pig 
gastrointestinal tract. These assays were not carried out using 
human bile or human gastric juice. The composition of human 
bile, and thereby the antagonistic activity of human bile, is 
distinct from Bactooxgall used by Suhr-Jessen et al. Collins et 
al. describe lactobacillus strains isolated from resected and 
washed human gastrointestinal tract that survive, and maintain 
their anti-microbial activity, in human bile and gastric juice. 
The panel of lactic acid bacteria, described by Suhr-Jessen et al, 
were selected to be included in fermented milk products 
intended for human consumption or in veterinary compositions 
for treating gastrointestinal diseases. However, the inventors 
did not consider the intimate interactions that occur between a 
newly ingested bacterium and its specific host environment. 
These interactions depend on a number of factors including the 
microflora already present, species-specific attachment sites 
(e.g. complementary bacterial-epithelial cell structures), species- 
specific immunological parameters, the health status of the host, 
current medications, etc. There are similarities between the 
human and porcine digestive systems. Indeed, the ability of a 
bacterium to survive passage through the pig intestine renders 
probable the ability to survive passage through the human gut as 
well. However, one cannot predict the intimate interactions 



between a newly ingested bacterium and its specific host 
environment. These interactions depend on the various factors 
enumerated above. In addition, the literature illustrates many 
examples of bacterial and viral pathogens that are host specific — 
at least with regard to the severity of infection. Thus, by the 
same logic, it can be stated that bacterial-host interactions can be 
species specific and for human purposes bacterial strains must 
be isolated from the human gastrointestinal tract. It is not 
sufficient to extrapolate from animal studies to the human 
situation. It would not have been obvious in my opinion to 
Suhr-Jessen et aL that species-specific interactions determine 
the probiotic potential of a newly isolated strain. 

19. I have carried out a series of experiments under in vitro and in 
vivo conditions which demonstrate the feature of adhesion of a 
strain according to the invention, the subject of the above- 
identified application. Results of these experiments can be 
summarized as follows. 

20. In vitro adhesion assays 

Lactobacillus salivarius strain UCCl 18 (NCIMB 40829) was 
co-incubated with human gastrointestinal epithelial cell lines 
(Caco-2 and HT-29). Following a short incubation period, these 
cell lines were washed vigorously and examined for the 
presence of adherent bacteria. Significant adherence of 
Lactobacillus salivarius strain UCCl 18 (NCIMB 40829) to 



these human epithelial cell lines was noted. Following 
adherence of NCIMB 40829 to epithelial cells, invasion by 
enteropathogenic Listeria monocytogenes^ Salmonella 
typhimurium and Shigella flexneri into epithelial cells was 
significantly reduced. However, NCIMB 40829 itself did not 
invade the epithelial cells. Analysis of epithelial cell gene 
expression following bacterial adhesion revealed profound 
alterations in the expression of genes regulating mucosal 
integrity. A partial amino acid sequence of the bacterial adhesin 
has been obtained, while one of the eucaryotic receptors for 
NCIMB 40829 has been identified. Following consumption of 
this strain in a murine model of colitis, significant alterations in 
the gut flora were associated with reduced gastrointestinal 
inflammatory activity and tumour incidence (O'Mahony et al.^ 
Alimentary Pharmacology and Therapeutics, 2001). 

In vivo adhesion assays 

Lactobacillus salivarius strain UCC118 (NCIMB 40829) was 
consumed by healthy human subjects in a placebo controlled 
randomised study. This bacterium was delivered in high 
numbers to the gastrointestinal tracts of healthy, study subjects 
by both fresh milk and fermented milk (yoghurt) products. Prior 
to the feeding period, no bacteria were isolated from subject 
feces on MRS medium containing rifampicin. After feeding, 39 
of the 40 volunteers fed with Lactobacillus salivarius strain 
UCCl 18 (NCIMB 40829)-containing product (lOlO CFU/day, 
for 21 days) exhibited significant faecal excretion (10^ to 10^ 



cfu/g wet weight) of rifampicin resistant lactobacilli. These 
bacteria were confirmed to be Lactobacillus salivarius strain 
UCCl 18 (NCIMB 40829) on the basis of production of the 
ABPl 18 peptide, antibiotic resistance, and antibacterial profile. 
As expected, excretion of Lactobacillus salivarius strain 
UCCl 18 (NCIMB 40829) was not detected in the control-fed 
subjects (n=40). Of the volunteers fed test product (n=40), five 
individuals (12.5%) were found to have significant fecal 
concentrations of the Lactobacillus salivarius strain UCC118 
(NCIMB 40829) 21 days after termination of feeding. 100 days 
after the feeding period finished, one individual in the fermented 
milk delivery group was still excreting detectable fecal levels of 
this bacterium. As gastrointestinal transit time averages 1 to 3 
days, this is definitive proof of Lactobacillus salivarius strain 
UCCl 18 (NCIMB 40829) adhesion to and survival within the 
human gastrointestinal tract associated with mucosal 
immunological tolerance of the consumed strain. 

A pilot, non-placebo controlled trial on feeding NCIMB 40829 
to patients with Crohn's disease has been completed. Crohn's 
disease is an inflammatory disorder of the gastrointestinal tract 
with unknown aetiology. Following consumption of this 
bacterial strain for 6 weeks, patients immunologically perceived 
the presence of NCIMB 40829 due to the appearance of 
antibodies specific to this strain. However, this was not a pro- 
inflammatory response. In fact, a significant proportion of 



patients avoided steroid therapy and patient disease scores 
(CDAIs) significantly decreased. 



23. The isolation of adherent micro-organisms from washed and 
resected gastrointestinal tissue according to the invention has 
resulted in the isolation of non-pathogenic bacteria with 
significant health benefits in humans. AH the effects of NCIMB 
40829 mentioned above are a function of the capability of this 
micro-organism to adhere to gastrointestinal epithelium in vivo. 

I hereby declare that all statements made herein of my own knowledge 
are believed to be true, and further that these statements were made 
with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 1 8 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent 
issued thereon. 
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There is currently a growing interest in ccnain 
lactic acid bacteria strains that have been suggested 
or shown to provide specific health benefits ''when 
consumed as food supplements or as food com- 
ponents. However, opinions differ widely with re- 
spect to the requirements needed to substantiate a 
claim on a beneficial effect of a given bacterial 
strain, and there is no consensus on how to define 
and accredit a viable strain as a probiolic. On the 
othei; hand, putative risks of massive introduction of 
new live microrganisms in nutrition should also be 
envisaged, even if benefits were proven. The Lactic 
Acid Bacteria Industrial Platform (LABIP)' hosted a 



Corresponding author. 
'Lisc of LABIP Workshop participants: Dr. W. Bocrsma (Leiden 
Netherlands). Prof. J.K. Collins fCork, Ireland), Dr. M. Cosrc 
(JouvHrn-iosai. France). Dr. 1. de Smet (Gent. Belgium). Dr. F 
Cuomcr (Barcelona, Spain). Prof. W. Hammcs (Sltittgan, Ccr. 
many). Dr. T. MaUIIa-Sandholm (Helsinki. Finland). Prof. L 
N^orcfli (Piaccnza, Italy), Dr. B.L. Pool-Zobcl (Karlsruhe Cer- 
many). Dr. I.R. Rowland (London. UK). Prof. G.J. Schaafsma 
(Zc.st, Netherlands). Prof. K.H. Schlcifcr (Munchcn, Ccnnanv) 
Dr. M. Tvedc (Vibourg. Denmark). Prof. T. Wadstrom fLund 
Sweden). Dr. B. Wcilc (Gentofic. Denmark). Chairman: Dr. J.W 
vd Kamp (Zcist. Netherlands). EU- representative: Dr. A. Aeuilar 
(Brussels. Belgium). 

LaBIP is an European Economical Association of companies 
involved in the use and production of lactic acid bacteria (LAB). 
Its goals arc to promote R and D on LAB within the EU and to 
develop an opinion on research needs for LAB within the EU. 



workshop sponsored by the European Community to 
discuss these topics.^ 

Firstly, the workshop issued a consensus definition 
of probiotics: "oral probiotics arc living micro-or- 
ganisms, which upon ingestion in certain numbers 
exert health benefits beyond inherent basic nutri- 
uon-. According to the new definition, probiotics 
may be consumed either as a food component or as a 
non-food preparation. 

For the demonstration of probiotic activity of a 
certain strain, the group concluded that weli-de- 
signed human studies (double blinded, placebo-con- 
crolled) are required. Several in vitro assays or 
ammal studies such as tests on resistance to bile and 
acid, adhesion to the intestinal mucosa, effects on 
immunocompetent cells or antimutagenicity. are very 
useful in the preselection of bacterial su-aJns. How- 
ever, the proof of efficacy in humans should be 
granted by at least one well-designed human study 
Preferentially, the study should be published in a 
peer-reviewed journal. 

Based on these criteria, the group discussed and 
proposed to make a distinction between established 
beneficial effects of probiotics, and potential benefits 
that need further substantiation. For instance, several 
Imes of evidence have established the benefits of 



'The Workshop on Probiotics was held in Frankfun (Germanv) 
from 13 to 15 November 1995. 
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F. Cuamer. CJ. Schaafsma I International Journal of Food Microbiology 39 (1998) 237^238 



certain probioucs to reduce signs and symptoms of 
lactose intolerance (Sanders, 1993). prevention and 
treatment of certain diarrhoeal diseases (Biller et al., 
1995; Kaila et. al.. 1995; Majamaa el aJ.. 1995; 
Saavedra et al., 1994; Siitonen et al., 1990). reduc- 
tion of bacterial enzyme activities (Sanders. 1993) 
and stimulation of the immune system (Dc Simone et 
al., 1993; Schiffrin et al., 1995). Potential benefits of 
the ingestion of probiotics can also be expected in 
other important fields such as modulation of blood 
cholesterol levels, competitive exclusion of intestinal 
pathogens, and cancer prevention. 

The unlimited use of probiotics might have un- 
wanted side-effects. Most likely, these effects would 
not affect the normal healthy population, but should 
be considered when used by specific subgroups of 
persons *at risk'. For instance, infection and toxicity 
by probiotics has never been documented, but sub- 
jects with underlying disease conditions that pre- 
dispose to infection might be exposed to a putative 
risk (Adams and Maneau. 1995). Likewise, unre- 
stricted stimulation of the immune system by prob- 
iotics could be detrimental for patients suffering 
autoimmune diseases. The risk of transfer of anti- 
biotic resistance properties from probiotics to virul- 
ent micro-organisms should also be evaluated. 

Studies on probiotics that will reasonably expand 
our knowledge in this emerging field should be 
encouraged for active research in forthcoming years. 

A copy of the full report of the Workshop is 
available from the participants. 
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Gerald W. Tannock 



Probiotic properties of lactic-acid 
bacteria: plenty of scope for 
fundamental R&D 



Probiotic products are marketed widely throughout the world. This is especially 
true of yogurts that contain strains of lactic-acid bacteria of intestinal origin. 
Consumption of these products is aimed at promoting the wellbeing of the 
consumer by impacting on the collection of microorganisms that normally inhabit 
the intestinal tract. The development of scientifically valid probiotics requires more 
detailed knowledge of this intestinal microflora than is currently available. 



The term 'probiotic' originaUy referred to a phenom- 
enon observed when two organisms were cultured 
together, in which substances produced by one organ- 
ism stimulated the growth of the other organism. 
These growth-promoting substances were referred to 
as 'probiotics' >. The term was subsequently used to 
describe living preparations of microbial ccUs that 
could be administered to animals, including humans, 
with the aim of promoting the health of the cbn- 
sumer^. Tliis latter concept is derived from the rather 
phiJosophical observations made by Elic Metchnikoff 
and others earlier this century (Box 1). In the case of 
farm animals, faster weight gain for the same amount 
of food consumed (grov^h promorion. feed efficiency) 
have been of primary importance. 

By definition, a probiotic is a 'live microbial feec 
supplement which beneficially affects the host animal 
by improving its intestinal microbial balance'^. The 
marketing of probiotics for human consumption relies 
heavily on this definition. Specific health-related 
claims are not usually made in relation to the products, 
but general statements such as 'helps maintain a healthy 
balance of beneficiaJ bacteria*, 'stabilizes the intestinal 
microOora and modulates its function*, 'promote the 
positive balance of the intestinal flora' are included on 
labels and in advertising brochures. Implicit in the defi- 
nition and in the marketing of probiotics is that the 
mgestcd microorganisms impact on the composition 
of the normal microflora of the intestinal tract. The 
manufacture and marketing of probiotic yogurts 
(Acidophilus-Bifidus yogurts) has increased dramati- 
cally worldwide in recent years, and a desire to ascribe 
some scientific validity to these products, rather than 

C. M 7jMm»flr {^rfM.iQnuo(k(a's\otH'hxm\ola^o.ai.nz\ is ai the 
Dcpmtmntt of .\ f,(,oluohx}\ ( 'turrmty of Htaj^o, f*0 IU .\ ,^6, 
Out mi ill. Sctr Zxahuuf 



to rely on a theoretical concept, is apparent in the 
dairy-food industry. Establishing the scientific validity 
of probiodcs will require a substantial comrriitment 
from industry to supporting fundamental studies of 
mjcroorganism-host relationships. The results of these 
fundamental studies will define the health-related 
aspects in reladon to lactic-acid bacteria that should be 
studied in the future. 

The intestinal microflora 

The intestinal tracts of all mammalian species that 
have been studied, appropriately harbour a complex 
collection of microorganisms, mosdy anaerobic bac- 
terial species, that is known as the intestinal 
nucroflora5. This microflora is mosdy located in the 
large bowel in monogastric animals such as humans 
(Box 2). The predominant bacterial members of the 
microflora atuin population levels of about 10*<>per 
gram (wet weight) of contents, so that the human 
colon, for example, contains at least 10*2 living bac- 
terial cells. About 400 bacteriaJ species have been 
detected in human faeces (the faecal microflora is rcp- 
resenutive of the microflora of the coion*^) but 30 to 
40 species consdtutc 99% of the collection in any one 
human subject'. While the numerically predominant 
genera of bacteria detected in the faeces of diflfcrcnt 
individuals are the same, there is variation in the occur- 
rence and population size of bacterial species^ The 
complex composition of the intestinal microflora is 
even more apparent from the results of recent studies 
in which populations of bacteria were analysed at the 
level of bacterial strains. Species can be divided into 
numerous strains on the basis of differences in the 
occurrence of short sequences of genomic DNA at 
which enzvmcs (rc^tricrK)n endonuclcascs) will cut die 
polynucleotide str.uuls. V.iriation in ihc number and 
location oi ihesi- h-i|ucmcc^ in different strains prt)vidcs 
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Box 1. Elie Metchnikoff (1845-1916) and the elixir of life 



Elie Melchnikoff Nobel Laureate (for his discovery of phagocytosis) of the Institut Pasteur Paris was interpsted in thp 
scientifc bas.s o ageing. Cooched .n the natural history perception of science prevalent in his time mIiSh S "s booJ s 

^^Z ln^^lTn ""^T^^ '^"^ -"'^^f'o^a ""W «>e detrimental to the host. AccorTng tStchnikoH ?he 

large bowel harboured microorganisms that produced substances that were toxic to the vascular and ne7^ou™term 
The toxic substances, as a result o absorption into the bloodstream, contributed to the SS pf oc«[^ Thus infect;: 
nal microorganisms were the aetiological agents of 'autointoxication' because they produced amrSonia ^^kT^i^ 
indole as a result of protein hydrolysis (putrefaction) in the digestive tract. Metchrtkoff s reSertr auloXt Jnn 
was radical: he advocated surgical removal of the large bowel However a more ^crV^tlloT^L ointoxicaton 
Nestinal microflora by replacing or diminishing the n'umbSTof-pureflc ivIS^^^ 
be accornplished. it was suggested, by enriching the microflora with bacterial populationTIhat obtained enP^ 
mS^foT °* "^''•'.''ydrales rather than hydrolysis of proteins. Lactic-acidproducKSa w^e fto^^^^^^^^^ 
mentative microorganisms for this purpose because it had been obsen/ed that the natural fermTntXn oS hv fhltl' 
microorganisms prevented the growth of non-acid-tolerant microorganisms, including those S proteS aJrKS^^K 



Box 2. Bacterial genera that are commonly detected 
as components of the intestinal microflora of humans 



oesophagus 
siomach 




colon 



Bacteroides 

GrafTHiegath/e. non-spore-forming bacilli. Obligate anaerobes. Metabolic products 
include combinations of acetic, succinic, lactic, formic or propionic acids. If AH)utyric 
acid is produced, isobutyric and isovaleric acids are also present. 

BHidobacterium 

Granvpositive. non-spore^orming. nonmotile bacilli, sometimes with club-shaped or 
spatulated extremities. Obligate anaerobes. Acetic and lactic acids are produced 
pnniarily. in the molar ratio 3:2. Glucose is degraded exclusively and characteris- 
tically by the fnjctose6^hosphate 'shunt' metabolic pathway. 

Clostridium 

Granfvposilive bacilli that form endospores. Obligate anaerobes. 
Enierococcus 

Gramijositive cocci. Facultative anaerobes. Lancefield group D. Can grow in 6 5% 
NaCI broth and in normal broth at pH 9.6. 

Eubacterium 

andl^Scids'""' anaerobes. Produce mixtures of organic acids including butyric, acetic 

Fusobacterium 

acTdTar^TOr* bacilli. Obligate anaerobes. A^butyric acid is produced but isobutyric and isovaleric 

Peptostreptococcus 

Granvpositive cocci. Obligate anaerobes. Can metabolize peptone and amino acids. 
Ruminococcus 

nrn^^c O^.'^^te anaerobes. Amino acids and peptides are not fermented. Fermentation of carbohydrates 

produces acetic, succinic and lactic acids, ethanol, carbon dioxide and hydrogen. caroonydrates 

Lactobacillus 

I &e7el'menS."°"'''°'' '°''"'"^- ^'""^ ""'^'^ ^^^"^^ ' "^'^^ P^od^ct of 

Escherichia co/i 

STartJ^JInTrnf;?*?'*''^^^^^^ ^'^''^^ Carbohydrates lermented to lactic, acetic and formic 

Sn Sofe rfPrm?n,PH? " ?T''' ^rogenase system to.give equal amounts of carbon dioxide and h^dT^ 
^eriirichous .lagella ; « '-^"'^"•atio" can be delayed or absent. Motile by means of 



IIUILLMAiLi PJy/(VOl I'jI 



272 

reuiews 



Box 3. You can be identified on the basis of your 
intestinal microflora 



?nnf of iho kt!.' k^".'^^ P"^ laboratory, the composi- 

i2r.finp?f ,i^ Jf°'?,K''r'^' 3"<^'^c'obacillar populations inhabiting the 
hiMi,"!i ''""^ans were analysed by differentiating between 

hnmnLf f'"'"' ^^^^^^^^ to their genetic fingerprints. Faecal 
homogenates were prepared, diluted serially and selective agar plate 
cultures set up. After incubation and enumeration of the cultured bac- 
lena, randomly selected colonies were subcultured and fingerprinted 
Ir f.r.X'^Jf'" ^^^^ "^o"t"buted to the total bifidobacteriai 

or actobacillar population was thus determined. Faecal samples were 

nS^?h'°'" TJ"^ '"''j"'^'^ "^o"'*"/ '"Nervals over a 1 IJnS 

cXf Jn nf rtw'^m" '^^^^^^^ '""^ ^^-^^ '^"'"3" ^^"^ l^cir own unique 
col ection ol B,ndobaclenum and Lacfobacte strains. In some sul> 

El comnW H- 'T ' r''""'^"^" °' ^'^^'"^ ^« P^^^^"'; others 
colfpS o?-hTH'1f * V '9^example. harboured a simple and constant 
Ir^J^^^?^^'?^ ^''^'"^ ""'g- " ^''ereas Subject 2 had 
a complex bifidobacteriai micronora that appeared to fluctuate in 
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probes'". „oxv provides the .ncms by vvi„cl, the 
dcc«lcd ,naK.is of the cfTccr ofcoiuuming a p obio t 
product on the comro.uion of b.ctcrMi^populatSn 
already rcs.dci. ,n the intestinal tract can be m de 
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a method of genetic fingerprintiny: DNA from a par- 
ticular bacterial isolate, when digested with an appio- 
pnatc restriction endonuclease. gives a characteristic 
pattern of different-sized DNA fraipncnts after ag.irose- 
ijci electrophoresis. Molecular analysis of two'l.ictic- 
.iCid-prodiicinggencr.i tli3t arc incni'bcrs of ihc mtcsti-. 
nal nncronora h.is shown th.it each human h.irUours 
their ovvn unique collections of h.icterial str.iins fUox 
3)" Tins tcchnologx-. combintd with the use oCpoK m- 
^•rase chain rf.iction nu-ihoilN' and olit:<.iuiclioii 
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Choice of strains for use as probiotics 

Lactic-acid-producing bacteria are common com- 
ponents of probiotics (Table 1). They are popular 
choices because of the historical belief that these 
bacteria are desirable members of the intestinal 
microflora, arising from the fact that lactic-acid 
bacteria have long been used in the manufacture of 
dairy foods and are thus generally regarded as safe' 
and because the consequent large-scale-culture and 
preservation methods for lactic-acid bacteria in a viable 
state have already been developed by the dairv indus- 
try. I he choice of strains to be included in probiotic 
products has largely been decided on the basis of 
whether they are amenable to industrial handling 
and if they wiJJ remain viable for a suitable time in the 
prepared product. While these are legitimate reasons 
for choosing a strain for industrial use. information 
a^jo the abihry of the ba cterial str ain to fulfil the 
deSmnon of a probiotjc.(i:gr^mF;r it niodifics the 
intestinal microflora) ii,.itrangel^Oack^ 
demonstrating the r ecovery of an adminil^^^^d'^T^r 
bjoticstrjj ^ faeces have been publislw l but 
detailed analyses of the inirmfl^r^j^j^r^^i^T-^^ 
sumption of a co mmercial product are vcnrr^y , 
unavylaWe^^ndJ^rih^e detection of probioric strains 
may have been somewhat unreliable in studies to 
date because it has been based on bacteri.-.l-colonv 
morphology". However, experimental ammaJ studies 
conducted in recent years have provided biochem ical 
. markers jhat could be used to show whetheT^^T^d^^j]^ 
istered probiotic has influenced the intestinal eco- 
system. The.se studies utilized mice that do not 
harbour actobacilli as part of their intestinal 
microflora'-. Comparisons of the characteristics of 
UaobaaUus-bc^ mice with counterparts that had 
been intennonaUy colonized with Lactobacillus strains 
but in which an otherwise-identical microflora was 
present, have demonstrated that lactobaciUi have major 
influences on intestinal biochemisny. Th^Jbificlicmissd 
^ILgrj^^SJderm6ed_ ^ these comparisons a rehjlr-s.lt. 
hydro ase activ iQ^ ^the concentration of unc'^u- 
gated bJc acids m intestinal contents (increased in th e 
Ere^ence_of lactobaciIli)U-M, a nd azoreduc tase and 
p-glucuronida.se_activi.ry (r educed in the Drc.'.^ TiTTTrT' 
la ctobacilJi) '' ■\ t-i.i>!i:i. 

Several Lictobocih.s species have been includeu j.. 

'tSK^- ^ ^^^^^ by^the animal ip^iiiies for 

•h(5n^6fth<;lrnllcrbflor4i may differ. In practice, com-* 
prehensive t.i.xonomic studies b.iscd on the niolccui.ir 
phyloge.iy of lactic-acid components of the intestnul 
microflora ol different amm.il species h.ivc not Ixen 
made. L/.r../..,,,//... .., n/..,./,,/,,,. „„„| re. entiv .i ( .iich-.ill 
species composed ordisp.ir.,tc isolates .iiul used wideK 
t« describe ilie Li,iol,.,nll„r roinpoiu iits of probioiicv 
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has been split into six new groups (L. undophihts, 
' L aniyUwoms. L. aispaiiis, L. ^allmatum, L. ca«cn and 
Ljohnsoniiy^ The exact identity of the InctobaciUi 
included in probiotics is often not known. Uuiobacil^ 
Ins rcutcri is considered by sonic researchers to be the 
most prevalent hcterofcrmentative LaaobmiUus s^cc\c% 
inhabiting the intestinal tract of humans and other 
. annnals»«. Clearly, extensive research needs to be 
conducted in this area. 

One of the desirable properties sometimes listed for 
probiotic strains is that they should be resistant to 
antibiotics'^. The rationales for this approach are that 
probiotic products could be used to reconstitute 
the mtestinal microflora of patients suflering from 
antibiotic-associated coUtis or be fed to farm a^'nimals 
administered 'growth-promoting' concentrations of 
antibiotics in their food. Because a residue of antibi- 
otic could be present in the intestine of the patients or 
of the farm animals, only antibiotic-resistant probiotic 
strains would be able to colonize the ecosystem. This 
approach would surely compound the existing prob- 
lem of antibiotic resistance in bacteria of medical 
importance. AJthough the probiotic bacteria would be 
unlikely to cause a pathological process, they could 
serve as a reservoir of antibiotic-resistance determi- 
nants that could be transmitted to pathogens. Trans- 
mission of antibiotic-resistance determinants on plas- 
mids has been demonstrated to occur from lactobacUli 
to other Gram-positive bacteria under laboratory 
conditions and in* the intestinal tract-**-'*. 



Joiucts^^'"'"" °' '"'"°°''g^n«ms used in probiotic 



Products for humans 



Products for farm animals 



laclobacMus acidophilus 
Laclobacillus case/ Shirota strain 
Lactobacillus delbrueckii subspecies 
bulgaricus 
Lactobacillus johnsonH 
Lactobacillus reuteri 
Lactobacillus rbamnosus 
Bifidobacterium adolescentis 
Bipdobacterium bifidum 
Bifidobacterium breve 
Bifidobacterium lor\gum 
Bifidobacterium infantis 
Streptococcus thermophilus 
Saccharomyces tmulardii 



L. acidophilus 
L. casei 

L. delbrueckii subspecies 
bulgaricus 
L. plantarum 
L. reuteri 

Bilidobaclerium bifidum 
Bacillus subtilis 
Streptococcus thermophilus 
Pediococcus pentosaceus 
Enterococcus faecium 
Saccharomyces cerevisiae 
Aspergillus oryzae 
Torulopsis spp. 



Which are best: lactobaciUi or bifidobacteria? 

LactobaciJJi have the longest history of use as pro- 
biotics and arc stiJJ the most common ingredients of 
those mtendcd for consumption bv farm animals 
noubly p.gs and poultry. This choice of probiotic bac- 
teria seems appropriate, because the digestive tract 
.mcrofloras of these animal species arc particularly rich 
■n iactobac.U. when the pigs and poultry are main- 
tamed under optimal conditions of animal hus- 
bandry-. Bifidobaaeriinn species arc now nearly as 
common as lactobacilli in yogurts, presumably as a 
result of the realization that the human intestinal tract 
harbours larger populations of bifidobacteria than 
lactobacOli. What functions do biEdobacteria perform 
in the mtestmal ecosystem, how do these activities 
influence the consumer and. therefore, what is the sci- 
entific rationale for including them in probiotics? 
1 hcse are. currently, unanswered questions. 

The presence of both lactobaciUi and bifidobacteria 
as members of the intestinal tract microQora of the 
majority of humans logically requires that the ingested 
probiotic strain have some health-promoting charac- 
tcrisuc that the resident lactic-acid bacteria lack The 
probiotic strain would need to be .iblc to compete suf- 
bcientiy w.th the resident Lictobaoll. or bifidobacteria 
for the expression of the beiicfici.il .nttribute. It is there- 
ore necessary to determine the proportion of the 
.U-tob.,cill..r or b.fuloku tc ri.nl popt.l.,t...„ that the pro- 
biotic strain .achieve., in the inte.tmJ rr..ct in order for 
tlie product to have scientific v:ilulit\ 



Probiotics and the imrtiune system 

WhUe the purported benefits of the consumption of 
probi(>Uc products are several, and often astoundine^^J 
the relationship between microorganisms inhabiting 
the intestinal tract and the immune system of their host 
can be investigated scientifically Interest in the abihty 
of lacac-acid-producing bacteria to stimulate the 
defence mechanisms of the body originated in tlie use 
of extracts of fermented mistletoe to treat cancer 
patients n the 1 920s. The extracts were demonstrated 
to stimulate the immune system of experimental ani- 
u • .*V.t''"""'«'"g components were the ceUs of lac- 
tobacdli--' This immunological effect, which princi- 
pally involves the activation of macrophages, is due to 
constituents of the bacterial cell wall". Lactobacilli are 
Gram-positive bacteria and thus their ccU wall is com- 
posed inostly of peptidoglycan. Degradation products 
of pepudogiycan include muramyl peptides, which can 
be detected in the systemic tissues^" and have phar- 
macological activity affecting sleep patterns, body 
temperature and appetite-''-". AdditionaUy. muramyl 
peptides arc strong adjuvants, as can be seen from the 
fact that they enhance immunological reactivirvJ" 

Lactobacilli, and other r^embers of rh. io/.^ynit 
tmcrgflora present in the_dig csLivc tract conte nts are 
separated from the tissues and or^^n^,K> host"b7The 
intestinal epithelium. The c.Bitj2eliumjripn, Fos 
a layer, only one cell t ji|cjc,_gLcolunm::jhapld^ 
ref^rredtg as enterocytes.. How do UaoUilh^T^ 
wail substances and other constituents gain access to 
the iininune system of the host? Perhaps the most 
probable ext^^'^t'on is thej£a_ssage_of particulate or 
solubleZ^/oWj^^^^^^ the accumulation, 

o l immunolog ical tissue, the PeverV patches that are 
prescm_aLjijtej:vals. alon}:..thc_ii)t_cstiiial "w.iillLjIhc 
patc hes arc separa ted. from the intestinal lumen bv m" 
c ells that a cp_ear_to juv^ar^.uigcMi-sainpI.nj. 
^hole^ctjyjal cells iiiav aR^rpass (tr.ii.slocat.-) from 
the iiitesniial luiiKm into the blood „r IvmphatKlTT' 
temp2dnieJ\-ver^£Wl^ ,„ ih^. 

epnlieli.ll b:irrier U.K tcn.il translocation" iC 7;.^7Tr,' 
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healthy, aduh Jiiiin.iJs but may be more conunon in 
young aninwlsJ2. The lactobaciUi and othe r nucrp- 
organi5m s may be aWe to stimulate the immune m- 
tem without leaving their lumenarfiabitat sinc7 en- 
terocytes. itls now recognized, are iinniunocompetent 
ce lJs and produce chcnucai jiiessen^n (cytokines)' 
i nvoJved in the regulation of the immune system. 
When exposed to certain bacteriaJ cells or their prod- 
ucts, enterocytcs have been shown to increase the 
expression of genes encoding jnterleukin 8. tumour 
necrosis factor a. monoc)>te chemotactic protein 1 and 
granulocyte-macrophaec_coiQ^v-.ttim.H2ri^wW^^ 
These substances have weU-estabUshe^T^I^Tmlhe 
attraction and activation of polymorphonuclear leuko- 
cytes and macropiiages. Investigation of the effect of 
LactobaciUus strains on the expression of cytokines 
by cntcrocytes should therefore be an area of high 
priority for probiotic research. 



Conclusion and prospects 

The derivation of cfiGcaccous probiotics requires 
substantial research and development. cspcciaJUy at the 
level of fundamental science. An investment by 
biotechnological companies in obtaining knowledge 
of the microbial ecology of the intestinal tract will 
pay dividends for them, because the results of this 
research will provide a basis for Grm claims of cOicacy 
1^ be made in the marketing of probiotic products 
The incorporation of intestinal strains of lactic-acid 
bacteria into yogurts provides the opportunity to mar- 
ket a -functional food*: one that combines 
nutrition wuh another beneficial consequence for the 
consumer. 
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